Introduction
We consider a point-source spherical blast wave propagation to describe the motion of an ideal gas initiated by an instantaneous release of a finite amount of energy at a point in a uniform state. The explosion starts to expand outwards with its front, led by a shock wave. The shock wave continuously absorbs ambient air into the blast wave. The air inside is assumed to be an ideal and non-viscous gas, which is adiabatic with the exponent γ. The velocity u of a blast wave exceeds that of sound C, and u is huge near the source of the explosion and on the "shock front" u decreases dramatically and approaches C at infinity. (Here we call the shock front shock wave and the whole pulse region blast wave.)
Since a precise description of this motion is needed for the hydrodynamic code computation, we consider the existence of exact solutions of a gas dynamics equations system. The Taylor-Sedov-Neumann (TSN) self-similar solution for atomic explosion in [1] is an approximate solution. Various point-source blast wave problems are studied numerically in Korobeinikov [2] .
Model equations
The equations of motion, continuity and energy of the gas behind a blast wave are written in the Euler equations with respect to the particle velocity u, presssure p and density ρ, which are unknown functions of the Eulerian coordinate r (measured from the center) and the time t (measured from the instant of explosion). The position of the shock front is represented by R(t) (also measured from the center), which is supposed to be a monotonically increasing function of t and is related to the shock velocity U by dR dt = U. On the shock front, the conservation laws hold and the discontinuity conditions are given by the Rankine-Hugoniot relations. In order to describe the initial state at the time of explosion, we impose
In this problem, the position of the shock front R(t) is also unknown. In other words, this is a free-boundary problem and the boundary condition derived by the Rankine-Hugoniot relations includes the unknown function U. The condition such that the total amount of energy is constant specifies the decay rate of shock speed U.
Reformulation
In order to overcome such difficulties of the boundary condition, Sakurai [5], [6] adopted the idea of hodograph transformation, that is, he introduced new independent variables (x, y) defined by
where C is the velocity of sound given by C 2 = γ p 0 ρ 0 . R(t) and U(t) are unknown, and transformed the dependent variables
Here x = 0 and x = 1 correspond to the ground zero (r = 0) and the shock front (r = R). Since U → ∞ as t → 0 and U → C as t → ∞, y = 0 and y = 1 correspond to t = 0 and t = ∞, respectively. This transformation converts the region of the blast wave into a bounded rectangle (0, 1) × (0, 1). The Rankine-Hugoniot condition is represented by
Here, (4) does not include unknown functions. Condition (1) becomes
the Euler equations is transformed into
